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FOREWORD 


This  publication  vas  prspared  under  contract  for  the 
Joint  Publications  Research  Service  as  a  translation 
or  £ ore lgn> language  research  service  to  the  various 
federal  government  departments. 

The  contents  of  this  material  in  no  way  represent  the 
policies,  views  or  attitudes  of  the  U.  S.  Government 
or  of  the  parties  to  any  distribution  arrangement. 


PROCUREMENT  OF  JPRS  REPORTS 


All  JPRS  reports  may  be  ordered  from  the  Office  of  Technical 
Services,  Reports  published  prior  to  1  February  1963  can  be  provided, 
for  the  most  part,  only  in  photocopy  (xerox).  Those  published  after 
I  February  1963  will  be  provided  in  printed  form. 

Details  on  special  subscription  arrangements  for  JPRS  social 
science  reports  will  be  provided  upon  request. 

No  cumulative  subject  index  or  catalog  of  all  JPRS  reports 
has  been  compiled. 

t 

All  JPRS  reports  are  listed  in  the  Monthly  Catalog  of  U,  S, 

Government  Publications,  available  on  subscription  at  $4.50  per  year 
($6,00  foreign),  including  an  annual  index,  from  the  Superintendent 
of  Documents,  U,  S.  Government  Printing  Office,  Washington  25,  D.  C, 

All  JPRS  scientific  and  technical  reports  are. cataloged  and 
subject* Indexed  in  Technical  Translations,  published  semimonthly' by 
the  Office  of  Technical  Services,  and  also  available  bn  subscription 
($12,00  per  yeir  domestic,  $16,00  foreign)  from  the  Superintendent 
of  Documents,  Semiannual  indexes  to  Technical  Translations  are 
available  at  additional  cost,  ■" 
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/Foi  I  ov' .'r,  Is  the  translation  of  an  articii.  p’jbllshed  by  the  Central 
Institiito  tor  Nuclear  Energy  Rosser.dorf/ Dresden  in  tlu;  Cerman-language 
periodical  Kcrnenerglc  (?Juclear  Energy)  Vol.  i.  .'io  ‘■) ,  Berlin  Septomber 
196;!,  pp  685-689^7 


Chapter  6.  Basie  and  Solid  S4;ate  Materials 

The  Oepnrtme..  t  of  Basic  and  Solid  State  Materials  was  created  within 
the  Central  Institute  Cor  fhiclear  Energy  in  order  to  combine  the  multiple 
tasks  of  physical,  chemical  and  mctalUirgi cal  research  In  the  areji  of  reactor 
matorials  into  a  uniform  effort.  Problems  of  basic  research,  especially  that 
of  irrac;  Lated  .solid  state  materials,  and  applied  re  search,  resulting  from  the 
end's  contribution  to  the  development  of  nuclear  uiorgy  among  the  sociali.st 
countries,  sluili  bo  based  here  . 


Fig.  1  Laboratory  of  tiie  Department  of  Basic  and  Solid  State  Material 


Ovtr  the  last  twur  years  a  great  effort  has  bean  mads  to  provide  all  the 
equipment  and  darutnantatlon  aaaded  for  this  purpose.  The  tcaln  building  of  the 
dapsrtmen.t:  was  o.  :'uplad  in  the  auTianer  of  1959,  aj  seen  in  f  ig  .  1.  In  addition 
there  are  eome  smaller  unite  for  iDechanical  procesalng  of  uranium  metal  and 
matallographle  reaearch  of  itradlatad  fission  matarials . 

The  90  employees  of  ths  department,  of  which  there  are  about  40  scientists 
and  engineers,  have  been  assigned  to  three  major  sections,  namely  fuel  technology, 
chemical  nuclear  technology  and  solid  state  physics.  The  collective  cooperation 
snong  natallurglsts,  chamlats  and  physicists  Is  an  Important  prarequialta  which 
will  lead  to  the  solution  of  the  problems  arising  from  the  coumon  task. 

Ths .davaloptoant  work  on  reactor  fuel  represents  the  main  effort  of  the 
department.  The  collectives  are  grouped  arouiid  this  central  t.esk,  and  they  will 
patform  the  basic  work. 

The  section  '*Fuel  Technology",  as  the  name  implies,  is  charged  primarily 
with  the  solution  of  fuel  production  and  testing  probelma.  This  section  la  also 
in  charge  of  metallography,  uranium  Ti«tallurgy  and  raaaarch  on  ceramic  fission 
materials  Research  on  Irradiated  fission  mstariils,  especially  aa  It  concama 
proceasing,  la  handled  in  the  section  for  "Irradiated  flsRlonabla  materlala". 
Another  section  deals  with  reactor  fuel  corrosion.  Experlioental  research  on 
irradiated  solid  state  toAterlals  In  the  section.  State  Physics"  foirms  the 

physical  basis  for  the  censson  problems  of  the  depat truont. 

The  work  perfortned  by  the  Department  of  I^aslc.  and  Solid  State  Materials 
up  to  early  1962  has  been  publicized  In  99  publlcsclous,  14  patent  applications 
sad  numero'jM  lectures  at  national  and  international  conventions.  The  moat  Impor* 
tent  results  will  be  dealt  with  briefly  in  this  article: 

<  Fuel  Tecimology 

In  addition  to  prclimluary  work  on  manufactr-rlng  and  testing  problsna 
connected  with  fvial  specimen,  the  first  trial  batchers  for  a  "zero>*per£oraMmca" 
(prototype)  renctor  were  made  and  its  construction  In  the  Central  Institute 
was  Initiated.  This  reactor  will  uaa  dispersion  fuel,  consisting  of  U30g  and  Al 
covered  by  an  aluminum  alloy,  aa  shown  in  fig.  2. 
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Crosa-secf.ion  of  a  dtsparsion  fuel  element.  Dark  area  1)30^, 
light  area  alumimua. 


This  slsmeac  is  rnsnufsctursd  using  ths  procsss  of  prssslng  slloys  togstbsr 
Slaultansously  sxpsrlmonts  nrs  bslng  conductsd  to  maks  nsndls  shi^sd  fusl  bstehss 
of  1X)2  to  bs  usad  as  fusl  and  stainlass  stasl  to  ba  ussd  as  sn  anvalopa,  aeeord- 
Ing  to  tha  procass  of  hansiar  eondansatlon . 

In  addition  to  uranium  alloys  with  iaalt  amounts  of  slrconlum,  well  known 
due  to  thalr  tsn^eratura  changing  charactaristlea,  other  potantlal  fission  systsm 
ara  being  Investigated,  such  as  powder  metallurgical  elements  cooblnad  with  uranl 
such  as  U«Sl2  (Raf s .  1  and  2 .)  Much  attention  Is  focused  on  developing  taehnlqua 
of  manufacturing  this  type  of  uranium  con^lnatlons  and  the  investigation  of  thalr 
Interesting  nuclear  properties.  Thus,  for  example,  the  behavior  of  the  hl|jh  tsaipe 
rature  stable  U3SI2  phase  In  water  up  to  300%  has  been  datornlned  and  compared 
with  other  eorroalon*reslstant  uranium  alloys  for  pressure  and  boiling  water 
reactors  (fig.  3). 


Fig.  3  Corrosion  rate  of  U3SI2  as  compered  to  corrosion  rate  of  uranium 
alloys  In  stationary  water,  as  determined  by  Foote  (Ref.  35) 

ANL  (Argonne  National  Laboratory);  ->•  WAPD  (Westln^ouse,  Atom.  Power  Mv.) 
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ZfR  (Central  Institute  for  Nuclear  Energy) 


To  enstire  balanced  production  It  Is  necessary  to  knew  the  feetors  affect! 
sintering.  In  cooperation  with  the  Research  Institute  for  Non-ferrous  Metels  in 


Freiberg  and  based  on  experimental  results  an  efficient  production  process  for  t 
powder  has  been  found.  Closely  connected  with  this  work  research  proceeds  on  a 
uranivmi”o;!,/gen  systen!,  (Ref.  4'>  .  Furthermore,  experiments  with  uranium  oxide  an. 
mixed  oxides  are  being  conducted,  aimed  at  improving  the  heat  conductivity  of  l 
sinter  elements . 

In  connection  with  this  work  the  compatibility  between  IIO2  and  various  A 
alloys  at  temperatures  up  to  620*^0  i.s  hoing  investigated.  It  has  been  shown  thf 
not  only  the  grain  size  of  the  UO2  powder  but  also  the  altitninum  content,  such  , 
alloy  concent  and  oxide  content  in  aluminum  sinter  materials,  as  well  as  glow 
atmosphere  have  an  effect  on  the  UOo-Al  reaction,  (Refs.  S  and  6.) 

Irradiated  Fission  Materials 

A  laborator'y  study  for  chlorine  processing  of  irradiated  vraiiium  oxide 
revealed  a  nev?  way  of  regenerating  the  burned  up  UO2  by  separating  fission 
products  from  plutonium  in  the  absence  of  water.  This  process  provides  for 
chlorination  of  UO2  by  means  of  CCl^^,  followed  by  a  gas  chrotaatographic  separa¬ 
tion  of  the  chlorination  product.^  through  active  coal  at  700‘^C  to  isolate  plu¬ 
tonium,  followed  by  the  absorption  of  UCl^  iii  an  alkali  chloride  smelter,  from 
which  uranium  is  again  removed  in  the  form  oi.  'JO2  in.  large  concentration.  (Ref. 
?) .  Upon  the.  conclusion  of  this  work  research  in  iba  field  of  salt  melting 
chemistry  becomes  of  greatest  in.ter«at. 

To  provide  the  hot  metallography  the  VEE  Rathc-tnower  Optical  Works  develo 
a  ’'hot''  metal  microscope  (Ref.  S)  and  installed  It  in  a  hot  c&ll  on  the  reactor 
(Fig.  4)  . 


Fig.  4  "Hot"  Matal  microscope 

a,,  inactive  part  in  the  observation  b.  active  part  inside  the 

area  with  comparison  microscope,  "hot"  cell 

radiation  ducts,  light  sources 
and  service  table 

Maximum  enlargement  is  x800.  This  instrument  permits  direct  observation  and 
photographs  in  the  bright  field  and  with  polarized  light,  and  micro  measiure- 
ments  of  hardness.  There  is  also  an  inactive  eoi[npa.ri8on  portion.  Tlie  picture 
is  transmitted  from  the  celt  to  the  oper.a.tor  area  by  way  of  light  optics. 


To  coinpl«te  the  research  facility  In  dealing  with  irradiated  fission 
materials  an  Instrument  to  measure  fission  gas  liberation  has  been  added. 

Corrosion  of  Reactor  Fuel 


Research  on  silicon  containing  aluminum  sinter  fuel  In  stationery  water 
at  high  temperatures  (Ref.  5,  9)  reveals  e  considerably  more  favorable  corrosic 
behavior  than  that  previously  Vcnown  from  the  literature  on  other  elumlnum  alloy 
(Pig.  5.) 


Fig.  S  Corrosion  of  altssinum  fuel  with  hljdi.Si  content  in  stationary 
distilled  water  (  x  *  5  *  10'^  S  cn*^)  at  300  and  350*’C 
OAl  Si  9  Ni  1  at  300OC;  e  A1  Si  9  Ni  1  Ti  1  at  SOO^C;  A  ASff  Si  9  Hi  1 
at  300<*C:  t  ASW  Si  9  Hi  1  Ti  1  at  SOOi’C;  ■  ASH  Si  9  Hi  1  Ti  1  at 
350^,  Cross  ohetched:  Corrosion  of  Hi*Fe  alloyed  ASH  in  300^  water 
according  to  ref.  36. 

In  the  field  of  zirconium  and  slrconlum  alloys  corrosion  teste  at  hi|h 
temperatures  In  water  have  bean  conducted  primarily  on  cartaln  matarialt  and  tl 
weld  elloys  mai\ufactured  In  the  GDR.  Very  good  results  have  been  obtained  by  mt 
of  electron  beam  welding.  (Ref.  10).  Held  eeasia  proved  to  be  corroaion  reilstax 
to  the  aame  extent  as  the  original  materiel. 

Solid  State  Fhyslca 

A  good  deal  of  eheoretlcel  work  deals  with  the  mechaniee  of  producing 
radiation  effects  (Ref.  11),  their  quantitative  eapect  (Ref a.  12,  13),  the 
exparimantel  proof  of  radiation  affects  (Ref  14)  end  its  cure  (Ref  15) . 


In  th«  •xp«rliii«ne*l  nra*  non-flMlonable  naterlals  have  been  examined  al- 
noet  exclusively  In  the  depertaent.  For  example ,  the  effect  of  reactor  radlatlop 
on  carbon  steel  alteration  has  bean  invsctigated  (Fig.  6,  ref.  16).  In  addition 


Fig  6.  Roclcwall  hardnase  HBT  as  a  ftmction  of  starting  ceaoperature 
of  only  cold-formad  (»■■■—■■)  and  only  irradiated  (— — ) 
specimen .  , g 

Starting  time.:  20  min.  Rolling  percantage  30%;  integral  flow  3  •  10^*^ 
tharmal  end  4.5  •  10^'  rapid  nautr  ob^.  Radiation  temperature  40*50°C: 
Original  status  of  Irradiated  epaclcaan:  nonaalisad.  0  MSt  3b;  x  MSt  3u 

sxperlmance  on  the  effect  of  nutation  and  neutron  beams  on  electrical  conduc¬ 
tivity,  the  B  modulus  and  attenuation  of  nickel  (Ref  17)  and  copper  (Ref  18 
and  19)  ere  being  conducted.  (Fig.  7).  In  order  to  be  able  to  conduct  these 
radiation  experiments  in  the  reactor  even  at  lew  temperaturns  a  nitrogen 
kreosate  has  been  devel<^ed  (Ref.  20),  which  is  in  the  trial  stage. 

Some  Interesting  results  were  obtained  in  irradiating  non-metals .  For  ( 
exatsple,  the  so-called  radiation  dotting,  i.e.  the  change  in  photo -conductivity 
of  CdS  (Ref.  21,  fig.  8)  end  the  change  In  electrical  resistivity  of  insulators 
due  to  nuclear  mutation  caused  by  thermal  neutron  boiibardment  and  reactor  irrad¬ 
iation,  respectively  (Ref  22  and  23,  fig.  9)  has  been  determined. 

Fart  of  the  research  field  of  redlatlon  effects  is  the  electron  microscop 
investigation  of  the  effect  of  ton  bombardment  of  metelllc  surfaces  (Ref  24.) 

To  support  work  on  fission  material  the  electron-niieroecopa  laboratory 
furthar  devaloped  cha  procaas  of  vacuum  etching  (Ref .  25  throu;^  28) ,  which 
throu^  relatively  simple  methods,  ellows  considerable  metallogrephlc  research 
on  the  Interraletionshlps  between  uranium  alloys  and  uranium  ainter  elamants, 
which  would  have  bean  very  difficult  or  Impoeslble  with  other  etching  procasaes 
Up  to  the  and  of  1961  an  analytical  section  was  part  of  the  dapartmant, 
which,  however,  for  economic  utilisation  of  the  inatruments  has  bean  annexed 
to  the  corresponding  section  of  the  Department  of  Radio-chemiatry  of  the  Centra! 
Institute  for  Nuclear  Physics .  In  the  Dapartmant  of  Basic  and  Solid  State  Metar* 
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most  of  the  work  centered  erownd  the  determination  of  traces  of  contamination 
of  reactor  materials  (Ref  29  through  32) . 


?lg.  7a  Portion  of  modulus  change  as  a  function  of  amplitude 

In  this  connection  the  newly  developed  2-m  plane  grid  spectrograph  of 
the  VBB  Carl  Zeiss  Jena  was  usad^  and  a  spectral  atlas  was  erected  for  this 
Instrument.  (Ref  33).  To  determine  hydrogen  end  o:cygan  content  In  high  melting 
temperature  metals  a  vacuum  hot-extractlon  apparatus  was  daveloped  and  built 
(Raf  34) . 

To  solve  the  problems  and  tasks  shown  there  has  been  s  long-standing 
cooperation  in  existence  with  a  nunber  of  GDR  institutes  and  factories.  For 
axaoplay  to  develop  fuels  a  supra-factory  level  work  cooperative  was  estab- 
llahed  early  in  1959.  The  cloae  cooperation  between  scientlata  and  engineers 
of  various  specialties  within  and  outside  the  department  and  the  generously 
lent  work  facilities  at  the  Central  Institute  for  Nucleer  Physics  essure  us 
that  In  the  important  field  of  reactor  fuels  the  GDR  can  also  make  a  contribu¬ 
tion. 
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Fig.  7b  Forticn  of  modulus  change  as  a  function  Independent  of  amplitude 
Figs.  7  a  and  b..  Change  of  £  modulus  for  copper^ following  cold  forming 
and  Ir  (Elation  with  1.3  •  10^^  rapid  iieutr./cm* 
Measurement  made  at  room  temperatiiro 
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Fig.  8  spectral  sensitivity 
of  a  CdS  crystal  prior  to  (1) 
and  after  (2)  iTradlation  wit 
7.4  •  I0l6  thermal  ueutr./cm^ 
This  neutron  dosls  correspond 
to  5  •  lOl^  In-  and  1.6  •  lOl 
Sn  atoms /cir.2 
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Fig  9.  Electrical  conductivity  during  reactor  irradiation 

vt.  conductivity  prior  to  irradiation'^  (T^r  tor  various 
dielectrical  aatariala 

Materials  are  arrangad  according  to  their  conductivity  before  Irradlatl 

Meaauranants  were  nade  three  hours  after  eatabllsblng  an  electric  fieU 
of  6  kV/cm;  Gama-dosli  was  75  r/nln,  neutron  flow  2.3  *  10^  nautrons/car 
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